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SUMMARY 


This study investigated performance of air traffic controllers using a 
Microwave Landing System (MLS). Eight professional radar air traffic 
controllers acted as subjects and performed their normal duties within the 
constraints of the experimental design and simulation. The task involved 
the control of two simulated aircraft targets per trial, in a 37.0-km (20- 
n. mi.) radius terminal area, by means of conventional radar vectoring and/ 
or speed control. The goal was to insure that the two targets crossed the 
Missed Approach Point (MAP) at the runway threshold exactly 60 sec apart. 

The effects on controller performance of the MLS configuration under wind 
and no-wind conditions were examined. 

The data for mean separation time between targets at the MAP and the 
range about that mean were analyzed by appropriate analyses of variance. 
Significant effects were found for mean separation times as a result of the 
configuration of the MLS and for interaction between the configuration and 
wind conditions. The analysis of variance for range indicated significantly 
poorer performance under the wind condition. These findings are believed to 
be a result of certain perceptual factors involved in radar air traffic 
control (ATC) using the MLS with separation of targets in time. 


INTRODUCTION 


This study was designed to investigate some of the perceptual factors 
which affect performance of air traffic controllers using an MLS to control 
the landing of aircraft. The MLS is a new type of landing guidance aid and 
is still in an experimeyrital phase. When fully operational its primary 
purpose will be to facilitate the safe an expeditious flow of a new genera- 
tion of aircraft into airports with an efficiency that cannot be duplicated 
today. The implementation of the MLS will require an alteration of the 
physical structure of airways and the ATC system. 

A radar scope was simulated on a cathode-ray tube (CRT) and displayed 
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however, was not given during experimental trials. 

Experimental Design 
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target value. But the 19.6 and 43.2 sec ranges showed the accuracy reflected 
in the mean times to be a result of the high separation times between targets 
cancelling out the low separation times, especially under the wind condition. 

These results will be discussed from three points of view: (a) the 
perceptual factors involved in performance of controllers using the MLS, (b) 
controller performance using tfme as a relevant separation criterion rather 
than distance, and (c) the implications of the findings for future development 
of the ATC system with the MLS. 

The controller's perception of the ATC situation constitutes an impor- 
tant factor in understanding the results. Three primary perceptual factors 
are considered to be of importance in the controller's task in this experi- 
ment: (a) spatial separation of targets, (b) figure-ground (map overlay) 

effects, and (c) the perception of wind-generated accelerated motipn. The 
latter point appeared to be most significant in evaluating the data and 
requires special consideration. 

The mean separation time under the no-wind condition was closer to the 
60-sec target value than under the wind condition. This was due primarily to 
the controller's difficulty in taking into account the differential effects 
of wind on ground speed as the target changed heading. The difficulty in 
perceiving the onset of of accelerated motion had several consequences for 
controller performance. First, the reduction of the ground speed of a target, 
either in the automatic speed reduction phase of the approach or as a result 
of the wind, altered the separation between it and the other target. Should 
the velocity change have gone undetected, the result would have been a new 
amount of separation between targets of which the controller was completely 
unaware. Obviously, a continuous series of such changes by one or both 
targets would lead to inaccurate and erratic performance such as was evident 
under the wind condition. Second, the perception of acceleration of one or 
both targets required an evaluation by the controller of the actions neces- 
sary to maintain or change the relationship between the targets. This 
necessitated the ability to make an accurate prediction of the future 
progress of the target undergoing acceleration. It has been shown by 
Gottsdanker (4-6) and Gibson (3) that future target position during constant 
velocity motion can be predicted with considerable accuracy. However, 
predicting target position during accelerated motion was found to be general- 
ly inaccurate and appeared to be based on the last perceived velocity rather 
than on acceleration (2, 7). The apparent inability of the controller to 
successfully predict the accelerated motion of targets, and hence future 
positions in time, was associated with high variability in performance. 

Third, the changes in ground speed of a target traversing that part of the 
MLS course that curved toward the airport were difficult to assess. The 
controllers reported that the point in time when the ground speed began to 
slow was not immediately apparent nor was it possible to accurately predict 
the future motion of targets: The large magnitude of the change in ground 
speed in those MLS courses with long curved segments made accurate perceptions 
difficult and inaccurate performance most evident in the results. The accel- 
erations that occurred within the curving courses were most significant under 
the wind condition and posed a situation which the controllers were unable to 
gauge precisely. 

On the basis of discussions with the controllers after the Experiment, 
it would appear that the controllers' attempt to separate the two targets by 
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TABLE 1 


Analysis of Variance for Mean Separation 
Time Between Aircraft Targets at the 
MAP 


Source 

1 

df 

MS 

Error Term 

F 

Order of presentation 
of wind condition (A) 

1 

18.15 

D 

.03 

Path Combination (B) 

4 

589.68 

B X D 

3.83® 

Mind condition (C) 

1 

258.13 

C X D 

.48 

Subjects (D) 

6 

655.18 



X B 

4 

46.23 

B X 0 

.31 

A X C 

1 

200.66 

C X 0 

.37 

B X C 

4 

532.82 

B X C X D 

6.48** 

i X 0 

24 

163.66 



C X 0 

6 

542.16 



A X B X C 

4 

63.02 

B X C X D 

.77 

1 X C X 0 

24 

82.19 
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TABLE 2 


. Analysis of Variance of Range About 
Mean Separation Times between Aircraft 
Targets at the MAP 


1 \ 

Source 

i. * 

df 

MS 

Error Term 
1 

F 

Order of presentation 

1 

68.45 

D 

.07 

of wind condition (A) 





Path combination (B) 

4 

556.32 

B X D 

.98 

Mind condition (C) 

1 

11,092.05 

C X D 

12.42® 

Subjects (D) 

6 

929.25 



A X B 

4 

451 .45 

B X D 

.80 

A X C ' 

1 

344.45 

C X D 

.39 

B X C 

4 

551.98 

B X C X D 

1.03 

B X D 

24 

565.02 



C X D 

6 

892.91 



A X B X C 

4 

178.89 

B X C X D 

.33 

B X C X D 

24 

536.10 

4 

1 



® p<.05 


i 

i 

i 

) 

\ 

% 

i 

s 

1 


601 













TABLE 4 


ORIODJAL PAGE IS 
OP POOR QUALfTH 


about Mean 

fK *’«**“" *fTcraft Targets at 

the MAP by Path Combination and Mind 

Condftfon 
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Figure 2*- Mean separation time and range about mean separation time between 
aircraft targets at the MAP by path combination* 
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Figure 3.- Average range about mean separation time between aircraft target 
at the MAP by path combination and wind condition. 
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